Study design Cross-sectional survey. Objectives Determine the impact of motor control characteristics attributed to spasticity, such as spasms, stiffness, and clonus on the daily life of people with spinal cord injury (SCI). Setting Nationwide, United States. Methods Internet-administered questionnaire, the Patient Reported Impact of Spasticity Measure (PRISM) and items describing characteristics of spasticity including stiffness, spasms, clonus, and pain. Results Of the 145 respondents, 113 (78%) reported a PRISM score of at least 5/164, indicating spasticity had some impact on their daily lives. Stiffness impact was highly correlated (ρ = 0.84; p < 0.01) with the PRISM negative impact on Daily Activities subscale and moderately correlated with the other PRISM subscales (ρ = 0.55-0.63; p < 0.01). Spasm presence had a negligible or low correlation with PRISM negative impact subscales (ρ = 0.29-0.47; p < 0.01). Trunk muscle stiffness and spasms had a low correlation with PRISM Need for Assistance and Daily activities (ρ = 0.42 and ρ = 0.41, p < 0.01, respectively). Anti-spasticity medications were ineffective for 58% of respondents. Pain in the legs was reported by 57% of respondents. Conclusions The experience of spasticity is highly individualized, and is often distributed differently across arms, trunk, and legs. Despite the fact that traditional definitions of spasticity focus on reflex responsiveness, the stiffness associated with spasticity appears to be more problematic than spasms or clonus. The self-described characteristics of spasticity and its physiological presentation are complex and related to pain. This varied presentation lends support to the concept that management of spasticity may be best achieved by multimodality strategies.
Introduction
Each year,~17,000 people are added to the 280,000 who are living with spinal cord injury (SCI) in the United States [1] . Within the first 6-12 months after injury, 70% develop spasticity [2] [3] [4] , a form of disrupted motor control more problematic for those with tetraplegia than paraplegia [5] . Spasticity impairs physical activity, emotional, economic, interpersonal, and even cognitive domains of life experience [6] . Spasticity also has a negative impact on quality of life [7] and is associated with early mortality in people with SCI [8] . The evidence clearly indicates that spasticity is a significant issue for persons with SCI [9] .
Spasticity as defined by Lance in 1980 is "…velocity dependent, increased resistance to passive stretch as one component of a complex upper motor neuron dysfunction" [10] . The term, spasticity, has also been used to label increased responsiveness to cutaneous input in people with SCI [11] . In fact, SCI-altered motor control produces a variety of signs and symptoms that are associated with spasticity. Further, there is a growing realization that people who seek relief from spasticity experience more than simply excessive responsiveness to peripheral input [4, [12] [13] [14] [15] . Pandyan and colleagues [14] advocated for a more inclusive definition of spasticity: "…disordered sensori-motor control, resulting from an upper motoneuron lesion, presenting as intermittent or sustained involuntary activation of muscles" to encompass the multifaceted presentation of spasticity.
Comprehensive clinical measurement of spasticity includes an assessment of the impact it has on the daily functioning and quality of life experienced by people with SCI. The Patient Reported Impact of Spasticity Measure (PRISM) [16] is a validated tool that characterizes the ways that spasticity impacts quality of life for people with SCI [17] , and provides self-reported, condition-specific measurement of the impact of spasticity on the quality of life [18] . Although such measures offer a way to understand the degree to which spasticity impacts daily life, they do not describe the characteristics of spasticity that people with SCI attribute to limitations in their daily lives and ultimately, overall quality of life.
Severe spasticity appears as "an over-reaction to every kind of input" [19] . As such, reliance on a single measure of spasticity to decide clinical strategies is inadequate [20] . Thus, to fully comprehend how spasticity is experienced, it is necessary to understand the linkage between the impact of spasticity on quality of life and the component characteristics of its complex presentation. Therefore, the main goal of this survey-based study was to understand how people with SCI characterize their experience of spasticity and the relationship between those characteristics of spasticity and perceived impact on daily life. We developed a questionnaire to describe spasticity that included items derived from neurophysiological research. In addition, based on evidence that there may be a relationship between the neurophysiologic mechanisms underlying spasticity and pain, we included items related to the experience of pain in people reporting spasticity. We then sought to identify relationships among characteristics of spasticity and the psychosocial and functional impact these characteristics have on daily life in people who experience spasticity due to SCI.
Methods
A 75-item questionnaire was posted to an online survey software tool (Survey Monkey: www.surveymonkey.com). The survey included 41 items from the PRISM and 34 items related to characteristics of spasticity. An email invitation was sent to 869 people over the age of 18 with SPI from across the United States who had previously contacted Shepherd Center to express their interest in being involved in research projects.
Patient reported impact of spasticity measure
The PRISM is a 41-item self-report questionnaire developed and validated for measuring the impact of spasticity on quality of life for persons with SCI [16] . Participants responded to each item with "never true, rarely true, sometimes true, often true or very often true for me." As per published protocol negative impact subscales were scored for social avoidance/anxiety, psychological agitation, daily activities, need for assistance/positioning, need for intervention, and social embarrassment. A positive impact subscale was also scored and subtracted from the subtotal of negative impact subscales to provide a total PRISM score.
Characteristics of spasticity questionnaire
A 34-item questionnaire comprised of the different characteristics that could be associated with the experience of spasticity was presented ahead of the PRISM items in a continuous series (Table 1 ). The same five response options employed by the PRISM were used to maintain presentation congruence between the two sets of items. Items for the questionnaire were chosen and worded to describe the qualitative experience of spasticity in terms that were consistent with its neurophysiologic features. For example, spasms were considered in terms of the events that may initiate them, including endogenous events (such as other volitional movements) or exogenous events (such as muscle stretch or tactile input). Stiffness, a term often used by people when describing their experience of spasticity, and items associated with it were included to capture their sense of increased effort needed to initiate and perform volitional movement.
The 34 items in the characteristics of spasticity questionnaire formed from five main subscales: stiffness presence, stiffness impact, spasm presence, endogenously triggered spasms, and exogenously triggered spasms. Items were included to score the experience of trunk muscle spasms, spasms that occur with unknown triggering, and pain. Additional items queried perceived effectiveness of anti-spasticity medication. Due to the survey-based nature of this study, language was chosen to describe the SCI in terms that would be most familiar to the majority of participants. Age, gender, and ASIA grade of injury completeness were not queried.
Respondents provided general demographic information including time since injury onset (6 months to 1 year, 1-2 years, 2-10 years, and greater than 10 years) and neurological level of the lesion (cervical, thoracic, or lumbar), along with information about spasm frequency scored as: [0] This study was approved by the Shepherd Center Research Review Committee, the local institutional review board for human subject research monitoring. We certify that all applicable institutional and governmental regulations Five main subscales, two minor subscales and three individual items were acquired from 113 respondents Item scores in this table are given in percent of total respondents analyzed (n = 113). Sequence number is the location in the questionnaire concerning the ethical use of human volunteers were followed during the course of this research.
Data analysis
Data were downloaded from the online survey tool into a spreadsheet (Microsoft Excel; Microsoft Corp, Redmond, WA) and converted to numeric scores ranging from 0 ("never true for me") to 4 ("very often true for me").
Respondents with a PRISM score of ≥5 were included in analysis; these inclusion criteria captured respondents who were experiencing at least a minimal impact of spasticity in their daily lives. These criteria resulted in the exclusion of 16 respondents who reported PRISM scores of ≤4. Correlations were calculated to determine statistically significant relationships between: (1) PRISM subscale scores (i.e., negative impact [social avoidance/anxiety, psychological agitation, daily activities, need for assistance/positioning, need for intervention, social embarrassment]; positive impact); (2) PRISM subscale scores and total PRISM score; (3) characteristics of spasticity subscale scores (i.e., stiffness presence, stiffness impact, spasm presence, endogenously triggered spasms, exogenously triggered spasms); (4) characteristics of spasticity subscales scores and PRISM subscale scores. Since all ordinal variables were measured on the same Likert response scale, the distance between any two or more responses is essentially the same, and the variables measured similarly important aspects of the same issue, spasticity; some items were summed for analysis. Non-parametric Spearman correlation coefficients were used as the data were based on an ordinal scale from 0 to 4. Correlation rho (ρ) values were considered very high (0.90-1.0), high (0.70-0.90), moderate (0.50-0.70) or low (0.30-0.50), and negligible ≤0.30 [21] . Independent samples t-tests were used to assess betweengroup differences in level of injury, time since onset, spasm frequency, and medication usage. Significance was set at p ≤ 0.05.
Results
All 145 respondents completed the entire 75 items in the questionnaire (i.e., 34 PRISM items and 41 spasticity characteristics items). The data reported herein was acquired from 113 (78%) who reported a score of ≥5 on the PRISM, indicating that spasticity had some impact on their quality of life. Of those 113, 60 (53%) had tetraplegia, 50 (44%) had paraplegia, and 3 (3%) reported injury level as unknown. Time since injury was greater than 2 years for 102 (90%) of respondents, with <10 years and 2-10 years reported by 32 (28%) and 70 (62%) of respondents, respectively. For those with more recent SCI, time since injury was reported as 1-2 years and 6 months-1 year in 6 (5%) and 2 (2%) of respondents, respectively. This field was unanswered by three respondents. Spasms were experienced on a daily basis by 107 (95%) of respondents, with 10 or more spasm/day being the most often-reported frequency, 50 (44%) of respondents, and reports of less frequent spasms including 1-5/day by 5 (27%) and 6-9/day by 27 (24%). There were no significant differences between respondents with tetraplegia or paraplegia for time since injury or spasm frequency.
Characteristics of spasticity
Respondents with tetraplegia (n = 60) reported stiffness more often than they did spasms in the arms, 63.4% and 50%, respectively (Table 2) . Further, of those with tetraplegia, 21.7% reported the level of "very often" for stiffness but at only 10% for spasms. A greater rate of reporting for both stiffness and spasms was found for the trunk, with stiffness reported by 82.7%, and spasms by 68.3% of those with tetraplegia. Similar to the arms, trunk stiffness was reported as being "very often" by 11.7% of those with tetraplegia while spasms were reported at that level by 6.7. For comparing the relative occurrence of stiffness and spasms in the legs, the full set of 113 respondents with spasticity was used. Stiffness and spasms were reported in the legs by 92 and 89.4% of those 113 respondents, respectively. The maximum score of "very often" was used to describe leg stiffness by 61.1% and spasms by 64.6%. Thus, in the arms and trunk, stiffness was more prevalent, and was more frequently described as being present "very often", than were spasms; in the legs both stiffness and spasms are equally prevalent.
Respondents with paraplegia reported a significantly greater presence of stiffness (p < 0.01), impact on function (p = 0.03), and endogenously triggered spasms (p = 0.03) than did those with tetraplegia (Table 3) . Exogenously triggered spasm presence was similar for both injury-level groups (p = 0.48). Those with paraplegia reported significantly more effective medication control over spasticity compared to respondents with tetraplegia (p = 0.03).
In the full sample of 113 respondents with spasticity, stiffness was reported to occur "sometimes," "often", or "very often" in the morning in 82% and persisted throughout the day in 63% of respondents. Further, 53% reported that the stiffness disappeared during sleep. In 44% of respondents, spasms "sometimes," "often", or "very often" kept them from sleeping, and in 38%, spasms awakened them from sleep.
Exogenously triggered spasms were reported with greater prevalence than endogenously triggered spasms (Table 1) . A substantive majority of respondents reported that both endogenous and exogenous sources triggered their spasms. Five reported only endogenous triggering while two reported only exogenous and three did not respond to either triggering. In addition, 82 (73%) of respondents reported spasms that occurred without recognizable triggering events. Importantly, 74 (65%) of respondents reported that spasms in the legs activated the muscles of their trunks. Pain was reported as occurring at the levels of "sometimes, often or very often" in the arms of 23 (20%), the trunks of 46 (41%), and the legs of 64 (57%) of respondents.
Stiffness and spasm presence were moderately correlated with one another: arms (ρ = 0.63; p < 0.01); trunk (ρ = 0.56; p < 0.01); and legs (ρ = 0.53; p < 0.01). There was a high correlation between endogenously and exogenously triggered spasms (ρ = 0.72; p < 0.01). Correlations between the characteristics of spasticity subscales were only moderate, suggesting that the domains measured were distinct from one another. However, there were no significant correlations between spasticity characteristics and whether or not medication was effective at controlling the spasticity.
Impact of spasticity on quality of life domains (PRISM)
Respondents reported highest levels of spasticity impact in the Social Avoidance and Psychological Agitation subscales. PRISM Daily Activities and Need for Assistance Also shown are the current data grouped by clinical presentation as people with tetraplegia or paraplegia. Note than p-values derived from independent t-tests show a significant difference in Daily Activities and Need for Assistance PRISM subscales with people with tetraplegia reporting greater impact than those with paraplegia. Bold values emphasize significant statistical difference between tetra-and paraplegic respondents Note that respondents with tetraplegia reported significantly higher levels of Stiffness Presence, Stiffness Impact, Endogenous Triggered Spasticity and effectiveness of anti-spasticity medications. Bold values emphasize significant statistical difference between tetra-and paraplegic respondents subscale scores were higher for people with tetraplegia than those with paraplegia (Table 3 ). There were moderate to high correlations between individual subscale scores and the total score. The highest correlations were found between Psychological Agitation and Need for Intervention (ρ = 0.74; p < 0.01), Psychological Agitation and Social Avoidance (ρ = 0.66; p < 0.01) and Psychological Agitation and Daily Activities subscales (ρ = 0.71; p < 0.01).
Relationships between characteristics of spasticity and PRISM subscales
Stiffness and spasm presence subscales were moderately correlated with PRISM subscales (Table 4) . Stiffness impact was highly correlated with PRISM subscale scores for impact on Daily Activities and moderately with the other subscales and other specific items stating that stiffness interfered with exercise, grooming, dressing, and hygiene tasks; limited capacity for happiness. Clonus presence had a low correlation with the PRISM Daily Activities subscale (ρ = 0.43; p < 0.01), the Need for Assistance at (ρ = 0.41; p < 0.01) and Need for Intervention at (ρ = 0.40; p < 0.01). The trunk spasm group of items had a low correlation with PRISM Need for Assistance (ρ = 0.42; p < 0.01) and Daily Activities (ρ = 0.41; p < 0.01) subscales. No characteristics of spasticity subscales correlated with the PRISM Positive Impact subscale.
Medication use and effectiveness
In our sample, 74 (65%) of the respondents indicted they used medications to control spasticity, while 39 (35%) did not use medication. The most often-reported medication used was baclofen, which was used by 55 (49%) of respondents. Medication use was more prevalent in people with cervical lesions. More than one-half of the respondents, 66 (58%), reported that their spasticity was never or rarely controlled by medication.
Pain and spasticity impact on daily life
Pain had a low correlation with PRISM Social Avoidance (ρ = 0.41; p < 0.01), Daily Activities (ρ = 0.43; p < 0.01), Need for Intervention (ρ = 0.40; p < 0.01), and Social Embarrassment (ρ = 0.40; p < 0.01) subscales. Pain in the arms was moderately correlated with spasm presence (ρ = 0.60; p < 0.01) and with stiffness (ρ = 0.54; p < 0.01). Pain in the trunk correlated moderately with trunk spasm presence (ρ = 0.55; p < 0.01) and stiffness (ρ = 0.43; p < 0.01). Leg pain correlated moderately with trunk pain (ρ = 0.53; p < 0.01) and with spasms that kept respondents from sleeping (ρ = 0.50; p < 0.01), spasms that awaken them from sleep (ρ = 0.45; p < 0.01), and all-day stiffness (ρ = 0.45; p < 0.01). However, pain in the legs showed only a negligible correlation to leg stiffness (ρ = 0.16; p < 0.08) or spasm presence (ρ = 0.16; p < 0.10).
Discussion
The objective of this study was to understand the characteristics of spasticity that persons with SCI experience as being most prevalent and problematic. Survey items describing the experience of spasticity were drawn from neurophysiology literature describing altered motor control following SCI. The primary finding of this survey study was that stiffness was the characteristic of spasticity that respondents indicated as being most problematic, over and above issues associated with spasms or clonus. Stiffness had a higher prevalence than spasms, and had the greatest negative impact on daily activities and psychological agitation. The perceived experience of stiffness is consistent with neurophysiologic evidence in persons with spasticity, including persistent involuntary motor activity at rest [22] , muscle co-contraction during voluntary movements [23] [24] [25] [26] [27] and spasms triggered endogenously and exogenously. Likewise, in experimental conditions, spasms evoked in response to volitional movement in other body regions [28] , hyperactive tonic and phasic muscle stretch [29] [30] [31] and cutaneomuscular reflex responsiveness [11] are consistent with spasm activation in daily life. However, while endogenously and exogenously evoked spasms were prevalent in persons with SCI, respondents reported that these influences on daily life were not as problematic as stiffness.
Impact of stiffness and spasms on daily activities and quality of life
It is increasingly evident that spasticity is complex in its presentation. Although clinically measured as resistance to passive stretch, this is but one aspect of spasticity. Stiffness as reported in the current data was scored as more often present than spasms in the arms and trunk but the same as spasms in the legs. In prior literature, the presence of stiffness in the trunk and legs was reported to be at lower frequency than reported here, 46 and 77% respectively, in a group of 35 participants with motor-complete SCI [20] and in another study in which roughly 58% of 26 participants with motorcomplete SCI reported experiencing "stiffness or continuous tension" in the legs [32] . In the current study, the inclusion of both motor-incomplete and complete respondents was likely responsible for the higher reported frequency of stiffness.
Trunk spasticity
The assessment of trunk muscle paresis or paralysis after SCI has been problematic, leaving clinicians to use sensory level to infer the level and completeness of thoracic lesions [33] . Further, no expert-examiner scale of trunk spasticity has achieved acceptance or common use for SCI. However, neurophysiological characteristics of trunk muscle spasticity have been related to respiratory motor control and impaired respiratory performance [34] . The finding reported herein, that more than 40% of respondents experience stiffness and spasms in the trunk muscles and that spasms originating in their limbs spread into the trunk, points out that trunk muscle control and spasticity remain poorly understood, unmeasured and unsuccessfully treated.
Pain and spasticity
Our results suggested that pain and spasticity are related, at least in parallel occurrence if not in shared neural mechanisms. Pain and spasticity have been reported by others to coexist [9] and are among the top four secondary health conditions in people with SCI [35] . In a study of 131 people with upper motor neuron lesions, 80% believed their pain was related to their spasticity and 62% reported improvement in pain as a result of botulinum toxin injections that relieved spasticity [36] . Serotonin dysregulation due to long-tract damage has been linked to the development of both pain and spasticity after SCI [37] . In addition, epidural spinal cord stimulation, approved for the treatment of pain [38] , is also effective in the treatment of spasticity after SCI [39] [40] [41] [42] using similar stimulation parameters. Taking these points altogether, it is not unreasonable to expect that effective treatment for one might be effective in treating at least some aspects of the other.
Neurological injury level
Respondents with tetraplegia reported a greater negative impact on Daily Activities and Need for Assistance subscales of the PRISM than did those with paraplegia. In addition, stiffness presence and stiffness impact item groupings from the characteristics of spasticity measure were significantly greater in people with tetraplegia than those with paraplegia. This likely reflects the fact that those with impaired arm function need more assistance and experience greater impact of spasticity than those with intact arm control. Further, the problem of spread of spasms to the arms and trunk from the legs reported by respondents with tetraplegia would not occur in those with paraplegia. Thus, the data presented here support the assertion that the characterization of spasticity and its impact on daily life depends on the body region being assessed [20] .
Current treatment strategies
Treatments for spasticity focus on reducing the influence of peripheral inputs or enhancing the effectiveness of central GABA inhibitory neurotransmitter system [43] . Unfortunately, such approaches produce side effects that can include: permanent damage to peripheral nerves; changes in the muscles innervated [44] ; unintended degradation of voluntary movement [43, 45] . Consequently, these side effects limit the ability to participate in and respond to neurorehabilitative training [46] and, in the worst cases, cause hepatic and renal organ-system damage [43] . Physical interventions include the use of peripheral afferent input to alter motor neuron excitability via interneuronal circuitry, such as physical stretching [47] , neuromuscular electrical stimulation [48] , and/or spinal cord stimulation from the epidural space [39] [40] [41] , or transcutaneously from the surface of the body [49] . Such approaches have not been associated with detrimental effects on motor control or health. More work is needed to develop nonpharmacological approaches to managing spasticity. Over the past four decades, understanding of spasticity pathophysiology and basic human neuroscientific characteristics of spasticity in SCI has grown but only limited changes in treatment strategies have occurred. Perhaps this disconnect is methodological in nature and that those wishing to test clinical treatment strategies have not had the tools needed to verify selective impact on the various physiological markers of disordered motor control at play. In the end, treating the complex spasticity and altered motor control resulting from SCI will likely require highly individualized management of spinal excitatory and inhibitory circuitry using multimodality strategies that will be selected, driven, and tuned by physiological measurement.
Limitations
A limitation of this study was that although this represents the largest survey in the literature related to the characteristics of spasticity in persons with SCI, the final sample size meets the criteria for achieving a medium effect size for the correlations presented, it is 15 respondents short of the number needed for achieving a medium effect size with our independent samples t-tests. However, due to the sample size examined, caution is advised when attempting to generalize these findings to all people with SCI. Further, the number of statistical analyses performed increase the possibility of a type-I error occurring. The absence of age and gender data may limit the comparison of these results to previously published studies and reduce generalizability. Further, it may have been useful to have collected and reported the degree of completeness and a greater resolution of injury level for which we were relying on self-report. However, this data collection was intended to target the relationship between the ways in which people experience the characteristics of motor control that they regard as spasticity and the impact they have on their quality of life. Subscales assembled from the items describing the characteristics of spasticity need further study to establish their sensitivity and reliability. Finally, the scope of this study did not examine the effectiveness of all medications or the broad range of physical interventions currently in use, which are worthy of additional study.
Conclusions
Individuals with SCI indicated that both the spasms and stiffness associated with spasticity have a significant negative impact on their participation in daily activities and quality of life. While spasms have received considerable attention in the literature, our data suggest that stiffness may be more prevalent and problematic. Moreover, while spasticity of the extremities has received attention, stiffness and spasms of the trunk muscles also have a significant negative impact on daily activities and quality of life. Pain was associated with the presence of spasticity. As may be expected, some characteristics of spasticity were experienced differently depending on whether the respondents had tetraplegia or paraplegia. Finally medications have not been successful in controlling spasticity for a substantial proportion of respondents. More detailed examination and consideration of the stiffness that accompanies spasticity is warranted, both in the clinical and research realms.
